I. Introduction
Human evolution has led to immense scientific and technological progress. Global development (industrialization), however, raises new challenges, especially in the field of environmental protection and conservation [1] . Nearly every government around the world advocates for an environment free from harmful contamination for their citizens. However, the demand for a country's economic, agriculture and industrial development outweigh the demand for a safe, pure and natural environment. Ironically, it is the economic, agricultural and industrial developments that are often linked to polluting the environment [2] . Since the beginning of the industrial revolution, soil pollution by toxic metals has increased dramatically. According to report, about 90% of the anthropogenic emissions of heavy metals have occurred since 1900AD [3] ; it is now well recognized that human activities lead to a substantial accumulation of metals in soils on a global scale. A number of chemicals, heavy metals and other industrial wastes have resulted in significant discharge of industrial effluents into the nearby water bodies and soils and environment at large. These effluents which contain toxic metals or substances are released into the environment which contributes to a variety of toxic effects on living organisms in the food chain by bioaccumulation and bio-magnification. Heavy metals, such as cadmium, copper, lead, chromium, zinc, and nickel are important environmental pollutants, particularly in areas with high anthropogenic pressure [4] such as Owerri industrial layout. The soil has been traditionally the site for disposal for most of the metal wastes which need to be treated. Sources of anthropogenic metal contamination include industrial effluents, fuel production, mining, smelting processes, military operations utilization of agricultural chemicals, small-scale industrial (including battery production, metal products, metal smelting and cable coating industries) brick kilns and coal combustion [5] . One of the prominent sources contributing to increased load of soil contamination is disposal of municipal waste. These wastes are either dumped on roadsides or used as landfills, while sewage is used for irrigation. These wastes, although useful as a source of nutrients, are also sources of carcinogens and toxic metals.
Around the world several studies have evaluated the metal concentration in the soils [6, 7, 8, 9, 10] . In Owerri industrial layout, such studies are non-existent to date and therefore, very little are known about the distribution of such elements. At present, it is widely recognized that the distribution, mobility and bioavailability of heavy metals and radionuclide in the environment depends not only on their total concentration but also on the association form in the solid phase to which they are bound. Some variations of the chemical or physical conditions in the environment can accelerate to some extent the release of toxic metals into it, thus causing contamination.
Bioavailability of metals depends greatly on the characteristics of the particle surface, on the kind of strength of the bond and on the properties of the solution in contact with the solid samples. Metal ions in soils and sediments are partitioned between the different phase's present i.e. organic matter, oxyhydoxides of iron, aluminum and manganese, phyllosilicate minerals, carbonates and sulfides. In addition, metal ions are retained on these solid phases by different mechanisms (ion exchange, outer and inner-sphere surface complexation (adsorption), precipitation or co-precipitation). Sediment samples have been found as a carrier of most metals and some elements may be recycled through biological and chemical reactions within the water column. In soil, there is a concern to know the metal bioavailability and toxicity to plants, animals and man, the efficiency of the soil as a sink for metals and the potential capacity of a metal to be mobilized from the soil [11] .
Natural and anthropogenic environmental changes greatly influence the behaviour of metallic pollutants as the association form in which they occur can be changed. Such external influences can include pH, temperature, redox potential, organic matter decomposition, leaching and ion exchange processes and microbial activities. Thus, the exchangeable fractions corresponds to the form of metals that is most available for plant uptake and can be released by merely changing the ionic strength of the medium, the metal content bound to carbonates is sensitive to pH changes and can become mobilisable when pH is lowered. The metal fraction bound to Fe-Mn oxides and organic matter can be mobilized with increasing, reducing or oxidizing conditions in the environment. Finally the metal fractions associated with the residual fraction e.g. silicate can only be mobilized as a result of weathering which can only cause long term effects [12] .
II. Materials And Methods
Soil samples were collected in the vicinity of Owerri Industrial layout between April and July. The sampling site comprised of five major roads, Raycon road (road 1), Gmicord road (road 2), Coca-cola road (road 3), Modern Home Aluminum road (road 4) and Assumpta Press road (road 5) covering the whole length of the area. A total of 5 samples were collected from each road and merged to form a composite sample, a representative of each road using a plastic scoop into a polythene bag well labelled. The sampling site is surrounded by industries. A residential estate (Graceland/Egbeada Estate) is located north -east of the estate. Also to the south -east of the industrial layout is located another estate (Umuguma Housing Estate) and on the north -east is a highway (Onitsha -Owerri Road).
In the laboratory, samples were dried at room temperature and sieved through a 200mesh before analysis. Drying sediments at higher temperature was avoided to ensure that organic matter content and the metal binding properties of the sediments remained intact. Care was also taken while sieving the sediments to prevent excess loss of the fine particles. All chemicals and acids used were of Analytical Reagent Grade (ARG), and were used without further purification.
Procedure for Moisture Content Determination
The moisture content of the samples was determined using the dry-weight-difference method.
Procedure for pH Determination
5g of the soil sample was weighed into 250ml Beaker and 20ml of deionized water added. It was agitated for about 20minutes and allowed to equilibrate. Finally, a standardized pH meter was used to read the pH by dipping the electrode into the 250ml Beaker containing the solution.
Procedure for Determination of Total Metal Content
About 5g of the soil sample was weighed into sample rubber and 5ml of Hydrofluoric acid (HF) added. Also 10ml Aqua Regia was added and the mixture heated over water bath for 1hour, 30minutes. Then, it was allowed to cool. The process was repeated again and 20ml boric acid was added. Thereafter, the solution was filtered and made-up to 50ml with deionized water. Finally, analysis of the extracts was carried out by Flame Atomic Absorption Spectrometry (Analyst 200).
Sequential Extraction
Sequential extraction protocol for analysis of heavy metal speciation in soil and sediments (modified from Tessier et al., 1979) were used to establish the association of the total concentration of the metals in the soil samples with their contents in the water soluble, exchangeable, carbonate, reducible (Fe/Mn oxide), oxidisable (organic and sulfide bound) and residual fraction [13] .
III. Results And Discussion
The moisture contents and the pH of the various soil samples collected from the five major roads are as shown below (Table 1 ). The pH of the soil is an important parameter that directly influences mineral mobility. The soil pH of the sampling sites varied on the average from 6.1 to 6.7 in water indicating of slight acidity to neutrality. The moisture contents fell within the range of 5.177% to 13.572%. Looking at table 1, it showed that sample RX1 -RX5 had relatively low values of moisture contents. Table 2 and figure 1, indicate the total metal concentration. The result indicated that the occurrence of Fe was at relatively higher concentration (832.830mg/kg) in the soil sample (RX2). This may be as a result of auto rust, motor spare parts and other human activities found around the industrial layout. In the soil samples, much of the copper was associated with residual fractions with a mean value of 0.242mg/kg (Table 4 ). The observed trend in the range of copper concentration in the various fractions was F6 > F1 > F5 > F3 > F4 > F2. Also the trend in the percentage bioavailability of the samples was RX2 > RX1 > RX4 > RX3 > RX5. The water soluble fractions of samples RX3 and RX4 was at non-detectable level of the FAAS. So also it was for the exchangeable fraction of the RX2 sample. The highest fraction of Cu was found in sample RX2 (0.651mg/kg) in the water soluble fraction (F1), and this contributed to the high value of the %BAF of Cu (59.311%) more than every other sample in the study area. In the soil samples, much of the Ca was associated with the oxidisable fractions with a mean value of 4.779mg/kg. The observed trend in the range of Ca concentration in the various fractions was F5 > F4 > F2 > F6 > F3 > F1. Also the trend in the percentage bioavailability of the samples was RX3 > RX5 > RX1 > RX2 > RX4. The least fractional concentration of Ca was found in sample RX3 (0.417mg/kg) also at the residual fraction. From fig. 4 , we can see that Road 4 (RX4) recorded the most fractional concentration of Ca (18.963mg/kg) at the oxidizable fractions. The mean % BAF of Ca is 50.089%, which is slightly above average and it shows that Ca is potentially bioavailable for organism's uptake in the studied area. The mean %BAF of Mn is 33.140% which is below average and so Mn has a high non-bioavailable fraction in the studied area (Table 6 ). This is also supported by the observed trend in the concentration of From table 7 much of the Pb was associated with the carbonate fraction were the mean concentration is 0.415mg/kg. This is also shown by the observed trend of the various fractions of Pb -F3 > F6 > F4 > F5 > F2 > F1. Pb was not detectable by the FAAS on the water soluble fraction. It was detectable at the exchangeable fraction only in samples RX4 and RX5. Also it was not found in sample RX3 on the reducible fraction and in the oxidisable fraction, it was not detectable except for sample RX4 only and on the residual fraction, it was seen in all the samples except for sample RX4. The observed trend in the percentage bioavailable fractions of the samples was RX5 > RX1 > RX3 > RX2 > RX4 ( Table 7) . Much of the Pb was associated with the carbonate bound fraction and is potentially bioavailable in most of the studied area ( fig. 6 ), except for road 2 (RX2) were the %BAF was below 50% in the carbonate bound fraction, but rather higher in the residual fraction. (Table 10 ). Co had its highest concentration in sample RX3 at the reducible fraction (F3) (6.135mg/kg) and the least value in sample RX5 (0.002mg/kg) also at the reducible fraction, but it was undetectable in samples RX2, RX3 and RX5 in their water soluble fractions (F1) and also in the reducible fraction of sample RX2. The % bioavailable fraction of Co was considerably high since the mean %BAF is 52.172%, though it was low for roads 5 and 2. The fractional concentration of Zn in the various soil samples represented by table 11 showed that most of the zinc concentration was found in the residual fractions. The mean concentration is 7.043mg/kg at the residual fraction and the least was in the water soluble fraction with a value of 0.253mg/kg. The observed trend in the percentage BAF in the various samples is RX4 > RX1 > RX3 > RX5 > RX2 while the trend for the mean fractional concentration is F6 > F3 > F5 > F4 > F2 > F1. Generally the %BAF of Zn in the samples was low and so led to a mean %BAF of 18.376%. Figure 10 shows the speciation pattern of Zn in the various fractions of the soil samples and it showed that the residual fraction had the most occurrences. In table 12, the highest fractional concentration of Cr (mean 0.585mg/kg) is found in the residual fraction. The least mean concentration was found in the water soluble fraction (0.030mg/kg). Figure 11 , indicated that, the concentration was on the increase from F1 through F6. The observed trend in the mean concentration of Cr in the various fractions is F6 > F5 > F4 > F3 > F2 > F1. The speciation followed a particular pattern and the %BAF of Cr in all the soil samples was generally low with a mean 19.139% (Table  12 ). Figure 12 : Fractional Concentration of Cd in the Various Soil Samples (mg/kg). Cd was undetectable at the water soluble fraction and at the reducible fraction in all the samples (Table 13) , so also it is in the oxidisable fraction except on samples RX4 and RX5. The trend in the mean concentration of Cd was F6 > F3 > F2 > F5 > F4 > F1. Figure 27 , indicated that the speciation was more in the residual fraction followed by the carbonate fraction. Even though Cd was undetectable at the water soluble fraction, its %BAF was still high with a mean of 54.293%, suggesting that Cd is potentially bioavailable in the studied area. GT = Ground Total and GM = Ground Mean. Figure 13 : Percentage Bioavailability of Metal Concentration in the soil Samples. We observed that Cd is the most available metal for organism's uptake in the studied area since it had the highest %BAF in the soil samples (Erwin, 2006) . The trends in the percentage bioavailability of the various heavy metals are as follows: for RX1 it was Pb > Ca > Cd > Co > Ni > Cu > Fe > Mn > Cr > Zn, and for RX2, it was -Cu > Cd > Ca > Ni > Mn > Co > Pb > Fe > Cr > Zn, for RX3, it was Co > Ca > Cd > Pb > Ni > Cu > Mn > Cr > Zn > Fe, while for RX4 and RX5 it was Cd > Co > Ni > Zn > Mn > Cu > Cr > Ca > Fe > Pb, and Pb > Ca > Ni > Fe > Mn > Cd > Cu > Co > Cr > Zn respectively.
It can be inferred from the trends that Zn had the least bioavailable fractions in most of the soil samples. Cd recorded the highest ground mean concentration (54.213%) and the least was found in Zinc (18.376%). The trend of the ground mean percentage bioavailability for the various heavy metals was Cd > Co > Ca > Pb > Ni > Cu > Mn > Fe > Cr > Zn.
Correlation analysis was conducted to determine the extent of the relationship among metal fractions and among metals in the soils over the studied area. A probability of less than 5% (P > 0.05) was considered to be statistically significant.
Cu -In the correlation of various fractions of Cu in the soil samples, we observed that there was no significant difference in the result at 95% confidence interval in all the fractions. Ca -There was no significant difference in the correlation of the various fractions of Ca in the soil samples. Mn -The correlations of the various fractions of manganese in the soil samples indicated that there was no significance difference. PbThere was a positive significance difference in the correlation between the reducible fraction and the oxidizable fraction of the soil samples. Ni -In the correlation of various fractions of nickel in the soil samples, there was positive significance difference in the carbonate and the reducible fractions. Fe -The correlation of the oxidizable fraction of Fe and the water soluble fraction of Fe was positively significant in the soil samples and between the carbonate and the oxidisable fractions but, negatively significant between the water soluble and the oxidisable fractions. Co -The correlation of the various fractions of Co in the soil samples shows a positive significance difference between the exchangeable fraction and the water soluble fraction, Zn -The Correlation of zinc fractions in the soil sample shows that it was positively significant between their oxidisable fractions. The correlation also showed a positive significant difference between carbonate and exchangeable, oxidisable and exchangeable, oxidisable and carbonate and between reducible and the residual fractions. The T-test indicates no significance in all. Cr -in the correlations of Cr, there was positive significant difference between the residual and the water soluble fraction in the soil samples. Cd -The T-test showed a positive relationship between all the fractions of the soil samples. 
IV. Conclusion
The ANOVA indicates that Ca had a significant mean difference in the water soluble fractions of the soil samples and so also it is in the exchangeable fractions of the soil samples. Fe was also significance in the exchangeable fraction. But in the carbonate bound, reducible, oxidisable and residual fractions, it was only Fe that had a significance mean difference at 95% confidence interval in the soil samples. This suggests that there are several location (sites) having greater Ca and Fe concentration and the soil have been contaminated more severely by these metals, Though Ca and Fe are among the micronutrient elements. This means that the human activities in and around the area have significant effects on the level of almost all metals in the soils over this studied area. The speciation of Ca was different as the concentration was evenly distributed in all the fractions of the soil samples and speciation of Cu showed higher concentration in the water soluble fraction in the soil samples.
Further work is recommended in the area with reference to the heavy metal speciation some centimetres (about 30cm) below the soil surface so as to determine the solubility as well as the bioavailability of these metals.
